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cast data packets from a plurality of cells in a user equipment 
(UE). A selective combiner stores a received broadcast data 
packet in a buffer if a sequence number of the broadcast data 
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12 Claims, 12 Drawing Sheets 

q—____ 
MBMS DATA FROM CN 

SC ASSISTANCE DATA 
BROADCASTING 

SECONDARY LINK 

SELECTIVE COMBINING BASED ON THE 
ASSISTANCE DATA OF EACH CELL 



US 7,751,403 B2 
Page 2 

7,593,407 
2002/0107019 
2003/0035410 
2003/0231612 
2004/0184437 
2004/0203615 
2004/0229624 
2005/0078653 
2005/0100048 

U.S. PATENT DOCUMENTS 

9/2009 
8/2002 
2/2003 
12/2003 
9/2004 
10/2004 
11/2004 
4/2005 
5/2005 

Chun et a1. ............... .. 370/394 

Mikola et a1. 
Laroia et 31. 
Kim et a1. 
Lee et a1. .................. .. 370/349 

Qu et a1. . 455/4121 

Cai et a1. ..... .. 455/449 

Agashe et a1. .. 370/349 

Chun et a1. ............... .. 370/468 

2007/0184840 A1* 
2007/0198737 A1* 

8/2007 Zhang et a1. .............. .. 455/442 

8/2007 Xu et a1. 709/230 
2007/0268932 A1* 11/2007 Lee et a1. .................. .. 370/469 

FOREIGN PATENT DOCUMENTS 

JP 2007-510355 
W0 WO 01/39403 
W0 W0 03/096149 
W0 WO 2005/046086 

* cited by examiner 

4/2007 
5/2001 
11/2003 
5/2005 



US. Patent Jul. 6, 2010 Sheet 1 0f 12 US 7,751,403 B2 

#05 @Z ‘ 

xzzmézooww x2: E525 wzcm?gomm @. 2586mm <20 mo 2456?» mm 45.0 woz?m?md om. 

2Q EOE 5.40 mam: |( o: 



US. Patent Jul. 6, 2010 Sheet 2 0f 12 US 7,751,403 B2 

QUE 
of 

ENS mogmwm mmm EOPQUEZ ow 206mg 2w 0.75 E005; 

Q 

u 

85 55% 5; E8552 Ow .293? 2m 25 E82 

H 



US. Patent Jul. 6, 2010 Sheet 3 0f 12 US 7,751,403 B2 

DETECT GOOD RADIO 
SIGNAL FROM CELLS ‘“ 30' 

I 
SELECT MCCH RECEIVED 303 

FROM BEST CELL ‘ 

DESIRED MBMS 
SERVICE PROVIDED ? 

YES /a09 
SELECT MCCH RECEIVED 

I 
FORM SELECTIVE OOMBINER AND 
PERFORM SELECTIVE COMBINING ‘“ 313 

RELEASE PRIMARY OR 
SECONDARY LINK 

I 
RELEASE SELECTIVE COMBINER R 
AND STOP SELECTIVE COMBINING 3” 

FIGB 



US. Patent Jul. 6, 2010 Sheet 4 0f 12 US 7,751,403 B2 

IL 

_ _ L 

3 2_2 2 a C 

4 2 4-4 4. » Tl 
I Q [I f _ E 

_ OH H _ G 

I _ CL E Q DH 

_ Y Y _ A 
a M M T 

0 4 K. C Y . W 

M m N" A w u R 

U r, f U M F 

% Y" n L 

H 

/ W E m R_ _ A 

F A N 

m W F u m“ “m 

U 

v: E B % or ||||||||||| ||._ 5 

m w e c m. 
EA .H? M S P .m E H 

DI D A’ _| I l I I l I l l I I l l ll. .1 

U W W C _ _ H m "a E H 0T4. 2 u C. D" 11 Ill. 

% w. AM J _ m 

_ 

r R l 

v u E m u w 

E _ A M _ s 
N \.~| L _ M I. _ C Y 

W _ A H _O 

O K. M P _ m c m“ n L E L“ _ A 

W Y N 

m A"! h S 

L N ||||||||||| ll 
E DH 

3 P 

PISA 



US. Patent Jul. 6, 2010 Sheet 5 0f 12 US 7,751,403 B2 

HEOHDEHING BUFFER ‘H434 

DUPLICATION CHECKER F432 

11 
12 
13 

14 
15 

-----__----------~ 

16 
1? 

18 

19 
20 

PRIMARY LINK SECONDARY LINK 

FIG.5 



US. Patent Jul. 6, 2010 Sheet 6 0f 12 US 7,751,403 B2 

605 

UPPER LAYER 

SEQUENCE NUMBER 
ASSIGNING [RLC/FEC) ~ 

FIGS 



US. Patent Jul. 6, 2010 

UPPER LAYER 

i 
SEQUENCE NUMBER 

MPH ASSIGNING [RLC/FEC) 

Sheet 7 0f 12 US 7,751,403 B2 

UPPER LAYER 

705_2~ SEQUENCE NUMBER 
ASSIGNING (RLC/FEC) 

STORAGE 

STORAGE 
(MAC/RLC) ~710-5 

(MAC/RLC) 

71o-1~ STORAGE HOT-2 
(MAC/RLC) STORAGE 

(MAC/RLC) 

FIG’? 

STORAGE 7'0"“ (MAC/RLC) L 
~710-3 



US. Patent Jul. 6, 2010 Sheet 8 0f 12 US 7,751,403 B2 

DETECT GOOD RADIO 
SIGNAL FROM CELLS E801 

SELECT MCCH RECEIVED B03 
FROM BEST CELL 

DESIRED MBMS 
SERVICE PROVIDED '? 

I /809 
SELECT MOOR REOEIvEO 

SET up SECONDARY LINK E813 FROM NEXT BEST CELL 

III 
FORM SELECTIVE OOMBINER AND 
PERFORM SELECTIVE COMBINING 815 

II 
RELEASE PRIMARY OR W817 
SECONDARY LINK 

I, 
RELEASE SELECTIVE COMBINEFI 
AND STOP SELECTIVE COMBINING 819 

FIGS 



US. Patent Jul. 6, 2010 Sheet 9 0f 12 US 7,751,403 B2 

‘ SEQUENCE NUMBER ASSIGNING |--9D5 

SELECTIVE COMBINING 

HEOHDEHING BUFFER 

I DUPLICATION CHECK |-915 

I I a 0 n l v a I u 

910 



US. Patent Jul. 6, 2010 Sheet 10 0f 12 US 7,751,403 B2 

PP R YER 1025 
U EU} ( 1 1045 2 

SCR - WINDOW 1030~ RLC 

SCR_W|NDOW_SIZE 
ScrWindnw_UpperEdge 
next-expecLSN 1035~ SELECTIVE COMBINER I 

I ..... 
LOWER LAYER (1040] 

FIG.1O 



US. Patent Jul. 6, 2010 Sheet 11 0112 US 7,751,403 B2 

H HAVE 

8: s 295% wzm?mozlzw BE A 

V. 

62 S mUEEQQQIEUECSBwPT Gm: : MHwIBOQZEdQw . 

8E : Sm???wlgomzrsumum 1 mmuwanaslaoncébwz Q02 





US 7,751,403 B2 
1 

SELECTIVE COMBINING METHOD AND 
APPARATUS IN A MOBILE 
COMMUNICATION SYSTEM 

PRIORITY 

This application claims priority under 35 USC §1 19 to an 
application entitled “Selective Combining Method in a 
Mobile Communication System” ?led in the Korean Intellec 
tual Property Of?ce on Dec. 31, 2003 and assigned Serial No. 
2003-101768, an application entitled “Selective Combining 
Method in a Mobile Communication System” ?led in the 
Korean Intellectual Property O?ice on Jan. 30, 2004 and 
assigned Serial No. 2004-6350, an application entitled 
“Selective Combining Method in a Mobile Communication 
System” ?led in the Korean Intellectual Property O?ice on 
Feb. 11, 2004 and assigned Serial No. 2004-9134, and an 
application entitled “Selective Combining Method in a 
Mobile Communication System” ?led in the Korean Intellec 
tual Property O?ice on Apr. 13, 2004 and assigned Serial No. 
2004-25535, the contents of all of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a data combining 

method in a mobile communication system, and in particular, 
to a method for selectively combining the same broadcast 
data received through a plurality of paths. 

2. Description of the Related Art 
Currently, a Code Division Multiple Access (CDMA) 

mobile communication system provides a voice service and a 
data service in Which a large volume of data such as packet 
data and circuit data is transmitted. It is expected that in the 
near future, the CDMA mobile communication system Will 
support multimedia broadcast/communication in Which a 
multimedia service can be transmitted. 

In a common mobile communication system, because 
radio transmission resources are limited, it is not e?icient to 
transmit high-rate data on a point-to -point basis. For example, 
in order to transmit a 64-Kbps video streaming service to one 
user equipment (UE), radio resources necessary for transmit 
ting 64-Kbps data should be allocated to the UE. HoWever, if 
the number of UEs increases to n, the required amount of 
radio resource to be allocated also increases n times. 

Alternatively, When a plurality of UEs desire to receive the 
same service, the service can be provided using the same 
radio resource regardless of the number of UEs located in the 
same cell and desire to receive the same service. This makes 
it possible to ef?ciently use the radio resource. 

In order to support the multimedia broadcast/communica 
tion, research is being conducted on a broadcast service pro 
vided from several multimedia data sources to a plurality of 
UEs. A typical example of the broadcast service is Multime 
dia Broadcast/Multicast Service (MBMS) proposed in 3rd 
Generation Partnership Project (3GPP). 

The MBMS service supports transmission of multimedia 
data, such as real-time image and voice, still image, text, etc., 
and can simultaneously provide voice data and image data 
With application of multimedia transmission. Therefore, the 
MBMS service requires a large amount of transmission 
resources. The MBMS service can be provided over a broad 
cast channel because of the possibility that a plurality of UEs 
Will request the same MBMS service. 

Generally, the MBMS service can be divided into tWo 
service types: a Point-to-Point (PtP) service and a Point-to 
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2 
Multipoint (PtM) service. In the PtP service Where a desired 
MBMS service is independently provided to each individual 
UE, dedicated channels should be allocated to the UEs. In the 
PtM service Where an MBMS service is provided in common 
to a group of UEs requesting the same MBMS service, a 
common channel should be allocated to the UEs requesting 
the same MBMS service. 
The MBMS service described above refers to the PtM 

service for ef?ciently transmitting the same data to a plurality 
of UEs in an asynchronous Universal Mobile Telecommuni 
cations System (UMTS) mobile communication system. The 
MBMS service is especially advantageous for multimedia 
transmission that requires a large amount of radio transmis 
sion resource. Because the MBMS service can be used for a 
high-speed multimedia service as Well as for various other 
services, it is expected that applications suitable for the 
MBMS service Will continuously increase in number in the 
future. 
Even though the same MBMS service is provided to a 

plurality of UEs using a common channel in this Way, the 
limitation on radio resource remains. According to simula 
tions, in order to maintain a predetermined block error rate 
(BER) on 80 to 90% of a cell While transmitting 64-Kbps data 
over a common channel, 30% or more of available transmis 

sion poWer of the cell should be used. 
The simulation result implies that the folloWing problems 

should be taken into consideration. 
First, in order to provide an MBMS service Whose quality 

can be satis?ed by all UEs located in the same cell, most of 
available transmission poWer of the cell should be used for 
one service. 

Second, When available transmission poWer of the cell is 
limited, there is high possibility that UEs located in the 
boundary of the cell Will experience quality degradation. 

In order to solve these problems, there has been proposed a 
method in Which a UE located in the boundary of the cell 
receives data from a plurality of cells When a particular ser 
vice is simultaneously transmitted from several neighbor 
cells. HoWever, only a concept thereof has been discussed, 
and no detailed method for realiZing the concept has been 
presented yet. 

Accordingly, there have been many demands for a detailed 
method for receiving data transmitted from several cells and 
appropriately using the data by enabling an appropriate 
exchange of control signals betWeen a Node B and a UE, and 
mounting a neW device in the UE When a particular service is 
simultaneously transmitted from several neighbor cells. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide 
a selective combining method for enabling a UE located in a 
cell boundary to smoothly receive a broadcast service. 

It is another object of the present invention to provide a 
selective combining method for maximiZing e?icient use of 
doWnlink transmission resources. 

It is further another object of the present invention to pro 
vide a method for selectively combining only error-free data 
in the same data received through a plurality of paths. 

It is yet another object of the present invention to provide a 
method for performing selective combining using a sequence 
number assigned to data. 

It is still another object of the present invention to provide 
a method for performing selective combining using a 
sequence number of a radio link control (RLC) layer. 

It is still another object of the present invention to provide 
a method for identifying data received through different paths 
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With a sequence number of an RLC layer and performing 
selective combining based on the identi?cation result. 

It is still another obj ect of the present invention to provide 
a method for transmitting a unique sequence number assign 
ing device indicator to each cell from a netWork in Which there 
are a plurality of sequence number assigning devices. 

It is still another object of the present invention to provide 
a method for determining by a UE Whether to perform selec 
tive combining based on a sequence number assigning device 
indicator transmitted from a network. 

It is still another object of the present invention to provide 
a method for performing selective combining on data from a 
serving cell to a target cell When a sequence number assigning 
device indicator from the target cell is identical to a sequence 
number assigning device indicator from the serving cell. 

It is still another object of the present invention to provide 
a method for performing no selective combining on data from 
a serving cell to a target cell When a sequence number assign 
ing device indicator from the target cell is not identical to a 
sequence number assigning device indicator from the serving 
cell. 

According to a ?rst aspect of the present invention, there is 
provided a method for selectively combining broadcast data 
packets from a plurality of cells in a user equipment (U E). The 
method includes the steps of receiving a broadcast data packet 
from the plurality of cells; if a sequence number of the 
received broadcast data packet does not fall Within a reception 
WindoW, storing the broadcast data packet in a buffer and 
updating the reception WindoW based on the sequence num 
ber; if the sequence number of the received broadcast data 
packet falls Within the reception WindoW, determining if a 
broadcast data packet having the sequence number has been 
stored in the buffer; discarding the broadcast data packet, if 
the broadcast data packet has been stored in the buffer; and 
storing the broadcast data packet in the buffer, if the broadcast 
data packet has not been stored in the buffer. 

According to a second aspect of the present invention, there 
is provided an apparatus for selectively combining broadcast 
data packets from a plurality of cells in a user equipment 
(UE). The apparatus includes a buffer; and a selective com 
biner for storing a received broadcast data packet in the buffer 
if a sequence number of the broadcast data packet received 
from the plurality of cells does not fall Within a reception 
WindoW, and storing the received broadcast data packet in the 
buffer if a sequence number of the received broadcast data 
packet falls Within the reception WindoW but has not been 
stored in the buffer. The selective combiner updates the recep 
tion WindoW if a sequence number of the received broadcast 
data packet does not fall Within the reception WindoW, and 
discards the received broadcast data packet if a sequence 
number of the received broadcast data packet falls Within the 
reception WindoW but has been stored in the buffer. 

According to a third aspect of the present invention, there is 
provided a method for selectively-combining, by a user 
equipment (UE), broadcast data packets from a serving cell 
and at least one target cell in a mobile communication system 
including the UE, the serving cell for providing a particular 
broadcast service through a primary link set up by the UE, the 
target cell for providing the particular broadcast service 
through a secondary link set up by the UE, and a radio net 
Work controller (RNC) for providing broadcast data packets 
for the particular broadcast service to the serving cell and the 
target cell. The method includes the steps of receiving a 
broadcast data packet from the serving cell and the target cell; 
determining if the same broadcast data packet as the received 
broadcast data packet has already been received; discarding 
the received broadcast data packet, if the received broadcast 
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4 
data packet is identical to the previously received broadcast 
data packet; storing the received broadcast data packet in a 
buffer, if the received broadcast data packet is not identical to 
the previously received broadcast data packet; reordering 
broadcast data packets stored in the buffer in the order of 
sequence number; and delivering, to an upper layer, a broad 
cast data packet having a sequence number preceding a recep 
tion-failed sequence number, among the reordered broadcast 
data packets; Wherein the sequence number is an indicator for 
distinguishing the broadcast data packet, and the same 
sequence number is assigned to the same broadcast data 
packet in the serving cell and the target cell. 

According to a fourth aspect of the present invention, there 
is provided an apparatus for selectively-combining, by a user 
equipment (UE), broadcast data packets from a serving cell 
and at least one target cell in a mobile communication system 

including the UE, the serving cell for providing a particular 
broadcast service through a primary link set up by the UE, the 
target cell for providing the particular broadcast service 
through a secondary link set up by the UE, and a radio net 
Work controller (RNC) for providing broadcast data packets 
for the particular broadcast service to the serving cell and the 
target cell. The apparatus includes a duplication checker for 
determining if the same broadcast data packet as a broadcast 
data packet received from the serving cell and the target cell 
has already been received, discarding the received broadcast 
data packet if the received broadcast data packet is identical to 
a previously received broadcast data packet, and storing the 
received broadcast data packet in a reordering buffer if the 
received broadcast data packet is not identical to a previously 
received broadcast data packet; and the reordering buffer for 
reordering the broadcast data packets stored therein in the 
order of sequence number, and delivering, to an upper layer, 
a broadcast data packet having a sequence number preceding 
a reception-failed sequence number, among the reordered 
broadcast data packets; Wherein the sequence number is an 
indicator for distinguishing the broadcast data packet, and the 
same sequence number is assigned to the same broadcast data 
packet in the serving cell and the target cell. 

According to a ?fth aspect of the present invention, there is 
provided a method for selectively combining broadcast data 
packets from a plurality of cells in a user equipment (U E). The 
method includes the steps of allocating a reception WindoW 
based on a sequence number of a broadcast data packet ?rst 
received from the plurality of cells, and a predetermined 
reception WindoW siZe; determining if a sequence number of 
a broadcast data packet received from the plurality of cells 
falls Within the reception WindoW; determining if a broadcast 
data packet having the same sequence number as the 
sequence number has already been stored in a buffer, if the 
sequence number falls Within the reception WindoW; discard 
ing the received broadcast data packet, if a broadcast data 
packet having the same sequence number as the sequence 
number has already been stored in the buffer; storing the 
received broadcast data packet in the buffer, if a broadcast 
data packet having the same sequence number as the 
sequence number has not been stored in the buffer; storing the 
received broadcast data packet in the buffer, if the sequence 
number does not fall Within the reception WindoW; updating 
the reception WindoW based on the sequence number and the 
predetermined reception WindoW siZe; and delivering, to an 
upper layer, a broadcast data packet having a sequence num 
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her which is outside a range of the updated reception window, 
among the broadcast data packets stored in the buffer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and advantages of 
the present invention will become more apparent from the 
following detailed description when taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is a diagram illustrating a UMTS Terrestrial Radio 
Access Network (UTRAN) in a UMTS mobile communica 
tion system to which an embodiment of the present invention 
is to be applied; 

FIG. 2 is a signaling diagram illustrating a procedure for 
providing selective combining assistance data according to a 
?rst embodiment of the present invention; 

FIG. 3 is a ?owchart illustrating a procedure for perform 
ing selective combining by a UE according to the ?rst 
embodiment of the present invention; 

FIG. 4 is a block diagram illustrating a UE according to the 
?rst embodiment of the present invention; 

FIG. 5 is a diagram illustrating an operation of the selective 
combiner illustrated in FIG. 4; 

FIG. 6 is a diagram illustrating an example of a network in 
which only one sequence number assigning device is formed, 
to which a second embodiment of the present invention is to 
be applied; 

FIG. 7 is a diagram illustrating an example of a network 
including a plurality of sequence number assigning devices, 
to which the second embodiment of the present invention is to 
be applied; 

FIG. 8 is a ?owchart illustrating an operation of a UE in the 
network having the structure illustrated in FIG. 7; 

FIG. 9 is a block diagram illustrating a UE according to a 
third embodiment of the present invention; 

FIG. 10 is a block diagram illustrating an RLC entity in a 
UE according to a fourth embodiment of the present inven 
tion; 

FIG. 11 is a diagram illustrating the SCR-window illus 
trated in FIG. 10; and 

FIG. 12 is a ?owchart illustrating an operation of a selec 
tive combiner according to the fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Several preferred embodiments of the present invention 
will now be described in detail herein below with reference to 
the annexed drawings. In the following description, a detailed 
description of known functions and con?gurations incorpo 
rated herein has been omitted for conciseness. Although 
embodiments of the present invention will be restrictively 
applied to an MBMS service, they can also be applied to other 
types of broadcast services. 

However, before a detailed description of the present 
invention is made, a de?nition of the terms frequently used 
herein will be given below. 

Multicast Control Channel (MCCH): This is a channel over 
which MBMS service-related information of each cell is 
transmitted. Information on the type of an MBMS service 
provided by each cell and information on a con?guration of a 
radio bearer over which the MBMS service is being provided, 
can be transmitted over this channel. In addition, the other 
information that a UE should have in order to receive an 
MBMS service can be transmitted over the multicast control 
channel. 
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6 
Radio Link Control Packet Data Unit (RLC PDU): In a 

UMTS mobile communication system, Layer 2 (L2) is com 
prised of a radio link control (RLC) layer and a medium 
access control (MAC) layer. The RLC layer assembles data 
transmitted by an upper layer in an appropriate siZe, inserts a 
header into the data, and transmits the header-inserted data to 
a lower layer (MAC layer). Further, the RLC layer analyZes a 
header of data transmitted by the lower layer (MAC layer), 
performs an appropriate operation according to the analysis 
result, and transmits the operation result to the upper layer. 
The data exchanged at that time between the RLC layer and 
the lower layer (MAC layer) is called “RLC PDU.” For sim 
plicity, the RLC PDU will be represented herein by “PDU.” 

RLC PDU Sequence Number (RLC PDU SN): This is a 
sequence number included in a header of an RLC PDU, and is 
increased in regular succession according to transmission 
order. The RLC PDU SN is used as information for distin 
guishing an RLC PDU for selective combining proposed in 
the present invention. For simplicity, the RLC PDU SN will 
be represented herein by “SN.” 

Selective Combining (SC) Assistance Data: This is data 
used together with an RLC SN to distinguish the same broad 
cast data in broadcast data received from a plurality of cells 
and to perform selective combining thereon. The present 
invention proposes an RLC SN version and a selective com 

bining (SC) indicator, as the selective combining assistance 
data. 

RLC SN Version: This is a value determined by counting 
how many times an RLC SN is reset by transmission of an 
RLC PDU, and is used when it is not possible to determine 
identity of RLC PDUs received from different cells with only 
an RLC SN due to a propagation delay. For simplicity, the 
RLC SN version will be represented herein by “SN version.” 
SC Indicator: This is information indicating whether a 

speci?c MBMS service provided in a particular cell supports 
selective combining. 
Commonly, a broadcast service is characterized in that in 

most cases, one broadcast service is simultaneously provided 
in a plurality of neighbor cells. Particularly, an MBMS ser 
vice, a typical example of the broadcast service, also has such 
a characteristic. Therefore, the present invention uses only 
error-free broadcast data in the broadcast data for the same 
broadcast service, which is received from a plurality of cells, 
and herein, this operation will be referred to as “selective 
combining.” By using the selective combining, a selective 
combining gain can be obtained. For example, assuming that 
a UE receives broadcast data for a particular broadcast service 
from both a cell#1 and a cell#2, if broadcast data received 
from the cell#1 has an error and the same broadcast data 
received from the cell#2 has no error, then the UE uses only 
the broadcast data received from the cell#2. In this way, the 
UE can acquire error-free broadcast data. 

For the selective combining, the UE should previously set 
up radio links to a plurality of cells, and should be able to 
distinguish the same data in the broadcast data received 
through different radio links. Accordingly, the present inven 
tion proposes a method of distinguishing the same broadcast 
data using selective combining assistance data and an SN. 

A. First Embodiment 

In order for a UE to distinguish RLC PDUs using SNs of 
PDUs received through a plurality of links, a network should 
satisfy the following particulars. 
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First, PDUs With the same size should be transmitted to the 
target links of selective combining. This is possible by setting 
the same PDU siZe for the links for Which selective combin 
ing is to be performed. 

Second, the same SN should be assigned to the PDUs 
transmitted to the target links of selective combining. That is, 
if a PDU received through a primary link and a PDU received 
through a secondary link have the same SN, it is said that they 
are the same PDUs. This is automatically satis?ed if the ?rst 
condition is satis?ed. This is because, for both PDUs trans 
mitted through the primary link and the secondary link, the 
same MBMS data transmitted from a core netWork is 
assembled into PDUs With the same siZe and then the same 
SN is assigned to the PDUs. 

Third, a UE should be able to distinguish PDUs received 
through target links of selective combining, using an SN. 
Because the SN has a value betWeen 0 and 127, a difference 
betWeen SNs of PDUs received at the same time through a 
primary link and a secondary link should not be larger than 
l28/2I64. If the difference is larger than 64, the UE cannot 
determine the correct order of the PDU received through the 
secondary link. For example, if a PDU having an SN ‘a’ is 
received from the primary link and a PDU having an SN 
‘ (a+64)’ is received from the secondary link at a speci?c time, 
the UE cannot determine if the PDU received from the sec 
ondary link is a PDU that Was transmitted 64 PDUs ahead of 
the PDU received from the primary link, or a PDU that Was 
transmitted 64 PDUs after the PDU received from the primary 
link. 

There are tWo proposed methods for satisfying the third 
condition. In the ?rst proposed method, a netWork synchro 
niZes data transmission of each link. In the second proposed 
method, there is no restriction on data transmission of each 
link, but assistance data that can be used as indicators of 
PDUs is separately transmitted to each cell. 

Herein, the present invention Will be described based on the 
second proposed method. HoWever, although the ?rst pro 
posed method is used instead of the second proposed method, 
essential parts of the present invention remain unchanged. For 
example, an operation of detecting duplicately received data 
and a reordering operation, performed by a selective com 
biner, remain unchanged. 

In order to use the second proposed method, the present 
invention causes each cell to periodically broadcast selective 
combining assistance data, and causes a UE receiving broad 
cast data from tWo or more cells to perform selective com 
bining using the selective combining assistance data and an 
SN assigned to the broadcast data. 

To summarize, a radio netWork controller (RNC) providing 
a particular MBMS service announces selective combining 
assistance data for the MBMS service to each cell from Which 
the MBMS service is provided. The “selective combining 
assistance data” refers to data that a UE should detect in order 
to perform selective combining. For example, the selective 
combining assistance data can be data (SC indicator) indicat 
ing if a particular MBMS service can undergo selective com 
bining in the cell, or assistance data (SN version) used for 
identi?cation of a PDU transmitted from the cell. While 
receiving an MBMS service from a particular cell, if a UE 
discovers a neW cell providing its desired MBMS service in a 
good radio environment, the UE acquires selective combining 
assistance data announced from the neW cell. The UE per 
forms selective combining on the MBMS data transmitted 
from the plural cells using the selective combining assistance 
data. 

The selective combining operation, as described above, 
refers to an operation of discarding duplicately received 
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PDUs among PDUs received through the primary link and the 
secondary link, and transmitting PDUs reordered in the order 
of their transmission, to an RLC entity. The selective com 
bining assistance data can also be used for identifying PDUs 
received through the primary link and the secondary link in 
the above process. 
The present invention presents a selective combiner as a 

device for performing the selective combining. The selective 
combiner is preferably located betWeen a MAC layer and an 
RLC layer. The selective combiner is formed as soon as a 
secondary link is setup, and is not used When there is only one 
link among a plurality of links currently set up. The secondary 
link indicates a physical layer/MAC layer that Will process 
MBMS data transmitted from a neW cell. 
A description Will noW be made of an operation of perform 

ing selective combining using an SN version and an SC indi 
cator as selective combining assistance data according to an 
embodiment of the present invention. 

FIG. 1 is a diagram illustrating a con?guration of a UMTS 
Terrestrial Radio Access NetWork (UTRAN) in a UMTS 
mobile communication system to Which an embodiment of 
the present invention is to be applied. In FIG. 1, the UTRAN 
is includes a cell, a Node B, and a radio netWork controller 
(RNC). In the UTRAN, a plurality of RNCs can exist, and 
each of the RNCs can control a plurality of Node Bs. Each of 
the Node Bs controls a plurality of cells. An RNC, Node Bs 
controlled by the RNC, and a plurality of cells controlled by 
the Node Bs constitute a radio netWork subsystem (RNS). 

FIG. 1 illustrates only one of a plurality of RNSs included 
in the UTRAN, and it is assumed that each of tWo Node Bs 
included in the RNS controls one cell. Commonly, the cell 
serves as only a physical layer of its Node B. Therefore, in the 
folloWing description, it Will be assumed that the Node B and 
the cell are identical to each other in terms of the meaning. 

Referring to FIG. 1, an RNC 110 assembles MBMS data 
provided from a core netWork into a PDU, and provides the 
PDU to tWo neighbor cells 112 and 114. The RNC 110 peri 
odically transmits selective combining assistance data for 
each MBMS service to each of the tWo neighbor cells 112 and 
114 over an MCCH. 

The selective combining assistance data includes an SN 
version and an SC indicator. The SN version is assistance data 
used for distinguishing the order of a PDU received through a 
primary link and a PDU received through a secondary link. 
An SN of a PDU is primarily used for distinguishing the order 
of PDUs received from respective links. HoWever, because 
the SN has only 7 bits, it may not re?ect a possible difference 
betWeen the links in terms of a transmission situation. 

For example, if a difference betWeen the primary link and 
the secondary link in number of PDUs transmitted there 
through is several hundreds, the SN is of no assistance in 
distinguishing the order of received PDUs. In order Words, if 
an x”’ PDU is transmitted through the primary link While an 
(x+500)’h PDU is transmitted through the secondary link, an 
SN having a value betWeen 0 and 127 is of no assistance in 
distinguishing the order of received PDUs. The SN version is 
a parameter bringing about an effect of extending SNs so that 
a UE can distinguish PDUs although the foregoing transmis 
sion situation occurs. The RNC 110 increases the SN version 
by 1 each time an SN of a PDU formed for each link is 
Wrapped around, and periodically broadcasts the SN version. 
Herein, the Wraparound of an SN indicates a return from 127 
to 0, by Way of example. 
An SC indicator forming the selective combining assis 

tance data is a value indicating if it is possible to selectively 
combine a PDU transmitted through a corresponding link 
With a PDU transmitted through another link. The SC indica 
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tor can be determined by checking if an RLC con?guration of 
the corresponding link satis?es the ?rst and second condi 
tions stated above. For example, if a particular link Was driven 
later than links of neighbor links, the second condition indi 
cating that the same SN should be assigned to PDUs is not 
satis?ed. For such a link, the SC indicator is set to “Impos 
sible” so as to instruct UEs not to perform selective combin 
ing. 

For example, in this case, the number of UEs desiring to 
receive a particular MBMS service in a particular cell at a start 
time of the MBMS service is not so large that a PtM service 
should be performed. HoWever, during the MBMS service, 
several UEs may move to the cell, initiating the PtM service. 
In this case, because a link of the cell is different from a link 
of another cell in terms of an SN system, a UE cannot perform 
selective combining betWeen a link of the cell and a link of 
another cell. 

A UE 116, While receiving the MBMS service through a 
serving cell 112, detects a condition indicating that a radio 
signal exceeds a threshold. Then the UE 116 sets up a radio 
link through Which it can receive an MBMS service from a 
neW cell 114. In order to set up a radio link to the neW cell 114, 
the UE 116 should analyZe control information transmitted 
from the neW cell 114 over an MCCH. The control informa 
tion includes selective combining assistance data. 

The UE 116 determines if its desired MBMS service is 
provided from the neW cell 114 over a common channel, by 
analyZing the control information. If its desired MBMS ser 
vice is provided, the UE 116 determines if selective combin 
ing is possible. If the selective combining is possible, the UE 
116 analyZes information on a radio bearer for the MBMS 
service from the control information, and sets up a secondary 
link through Which it can receive the MBMS service. The 
radio bearer includes an RLC layer, a MAC layer, and a 
physical (PHY) layer. A link includes the MAC layer and the 
PHY layer among them. Therefore, the UE 116 sets up a radio 
link established for the neW cell 114 as a secondary link, and 
sets up a radio link formed for the serving cell 112 as a 
primary link. 

The UE 116 forms a selective combiner for performing 
selective combining on PDUs received through the primary 
link and PDUs received through the secondary link. The UE 
116 provides SN version information corresponding to the 
primary link and SN version information corresponding to 
the secondary link to the selective combiner. The selective 
combiner obtains an SN-extended effect by combining an SN 
With an SN version. Herein, a value determined by combining 
an SN With an SN version is called an “extended SN” of a 
corresponding PDU. 

The UE 116 distinguishes duplicately received PDUs 
among PDUs received through the primary link and the sec 
ondary link, using the extended SN. The UE 116 performs a 
duplication check operation of discarding one of the dupli 
cately received PDUs and transmitting the remaining PDUs 
to an upper layer. Further the UE 116 performs an operation 
of reordering PDUs provided through the duplication check 
so that PDUs can be sequentially transmitted to the RLC 
layer. The duplication check operation and the reordering 
operation constitute the selective combining operation pro 
posed in the present invention. 

For an embodiment of the present invention described 
above, the folloWing operations should be described in detail. 

First, signaling betWeen an RNC, a cell, and an UE for 
providing selective combining assistance data should be pro 
posed. 
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Second, an operation of the RNC for managing selective 

combining assistance data and periodically transmitting the 
selective combining assistance data should be proposed. 

Third, an operation of performing selective combining by 
a UE using the selective combining assistance data should be 
proposed. 

1. Signaling 
FIG. 2 is a signaling diagram illustrating a procedure for 

announcing selective combining assistance data of each cell 
by an RNC and receiving the selective combining assistance 
data by a UE according to an embodiment of the present 
invention. It is assumed in FIG. 2 that a UE, While receiving 
a particular MBMS service via a serving cell, starts receiving 
a good signal via a target cell. The “serving cell” refers to a 
cell that has been providing a particular MBMS service to the 
UE, While the “target cell” refers to a cell that Will neWly 
provide the particular MBMS service due to movement of the 
UE thereto. 

Referring to FIG. 2, in step 210, a UE receives an MCCH 
from a serving cell. By receiving the MCCH, the UE acquires 
selective combining assistance data along With information 
on the type of an MBMS service being currently provided via 
the serving cell and radio bearer information for link setup. 
The selective combining assistance data includes an SC indi 
cator for indicating if the serving cell supports selective com 
bining, and an SN version for distinguishing a currently trans 
mitted PDU. 
The UE determines if its desired MBMS service is pro 

vided from the serving cell, based on the information on the 
type of an MBMS service. If its desired MBMS service is 
provided, the UE sets up a radio bearer using radio bearer 
information corresponding to the MBMS service. The radio 
bearer can be comprised of an RLC layer, a MAC layer, and 
a PHY layer. The MAC layer and the PHY layer can be 
de?ned as a term “link.” In the folloWing description, the 
MAC layer and the PHY layer formed for the serving cell Will 
be referred to as a “primary link.” 

Thereafter, the UE determines if the serving cell supports 
selective combining, based on an SC indicator constituting 
the selective combining assistance data. If the serving cell 
does not support selective combining, the UE does not per 
form selective combining proposed in the present invention. 
HoWever, if the serving cell supports selective combining, the 
UE stores therein an SN version constituting the selective 
combining assistance data. 
The UE receives an RLC PDU from the serving cell 

through the primary link. The LUE detects an SN from the 
received PDU, and increases an SN version by 1, if it is 
determined that the SN has an initial value. For example, if an 
SN of a previously received PDU Was set to 127 and an SN of 
a currently received PDU has returned to 0, the UE increases 
a current SN version stored therein by 1. 
The UE, While receiving an MBMS service from the serv 

ing cell, determines if a good signal is received from neighbor 
cells. Receiving a good signal means having a good radio 
environment. If a good signal is received, the UE recogniZes 
a neighbor cell transmitting the signal as a target cell. In step 
220, the UE receives an MCCH from the target cell, thereby 
acquiring selective combining assistance data along With 
information on the type of an MBMS service currently pro 
vided via the target cell and radio bearer information for link 
setup. 
The UE determines if its desired MBMS service is pro 

vided from the target cell, based on the information on the 
type of an MBMS service. Here, the “desired MBMS service” 
indicates the MBMS service being currently provided from 
the serving cell. If its desired MBMS service is provided, the 
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UE determines if the target cell supports selective combining, 
based on an SC indicator constituting the selective combining 
assistance data. If the target cell does not support selective 
combining, the UE does not perform selective combining 
proposed in the present invention even though the serving cell 
supports selective combining. That is, if the target cell does 
not support selective combining, the UE does not form a 
secondary link for the target cell. HoWever, if the target cell 
supports selective combining, the UE sets up a radio bearer 
using radio bearer information corresponding to the MBMS 
service. The radio bearer can be comprised of an RLC layer, 
a MAC layer, and a PHY layer. In the folloWing description, 
the MAC layer and the PHY layer formed for the target cell 
Will be referred to as a “secondary link.” If the secondary link 
is formed, the UE stores therein an SN version constituting 
the selective combining assistance data. 

The UE receives a PDU from the target cell through the 
secondary link. The UE detects an SN from the received PDU, 
and increases the SN version by 1, if a value of the SN is 
changed to an initial value. 

2. Operation of RNC 
For an embodiment of the present invention, an RNC 

should manage selective combining assistance data and peri 
odically provide the selective combining assistance data to 
each cell. A detailed description Will noW be made of an 
operation of periodically transmitting selective combining 
assistance data by the RNC. 

The RNC periodically transmits selective combining assis 
tance data to its cells through MCCHs, Which are uniquely set 
up for the cells. The selective combining assistance data is 
uniquely set up for each MBMS service. Therefore, if n 
MBMS services are provided in one cell, n types of selective 
combining assistance data can be periodically transmitted 
over an MCCH established for the cell. 
An SN version included in the selective combining assis 

tance data is managed and transmitted by the RNC as 
described beloW. 
Upon receiving an initial request for a particular MBMS 

service from its cells, the RNC forms an RLC entity, Which 
Will process MBMS data for the MBMS service. Subse 
quently, the RNC initialiZes an SN version for the MBMS 
service to 0. Thereafter, the RNC sequentially transmits 
PDUs for the MBMS service via the RLC entity. The PDU 
includes an SN, Which increases in regular succession accord 
ing to its transmission order. The SN increases up to a prede 
termined number beginning at 0. For example, the SN 
increases form 0 to 127, and then returns to 0 after 127. The 
RNC increases the SN version by 1 at the time When the SN 
returns to 0. 

The SN version of each cell, managed in the foregoing 
manner, is periodically announced by the RNC to a cell Where 
the particular MBMS service is being provided, thereby 
enabling UEs desiring to perform selective combining on the 
MBMS service to distinguish the SN version. 
An SC indicator included in the selective combining assis 

tance data is managed and transmitted by the RNC as 
described beloW. 

The RNC manages an SC indicator that indicates if selec 
tive combining can be supported for each of MBMS services 
provided through its cells. Here, even the cells providing the 
same MBMS service can be divided into a cell supporting 
selective combining and a cell not supporting selective com 
bining. In addition, for a particular MBMS service, selective 
combining may not be supported regardless of cells. Based on 
such information, the SC indicator is managed by the RNC. 
The RNC periodically transmits SC indicators uniquely set 
for MBMS services. 
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For example, if selective combining can be supported for a 

particular MBMS service provided via a cell#1, the RNC sets 
an SC indicator for the particular MBMS service to “Pos 
sible” and periodically broadcasts the SC indicator via the 
cell#1. If selective combining cannot be supported for a par 
ticular MBMS service provided via a cell#2, the RNC sets an 
SC indicator for the particular MBMS service to “Impos 
sible” and periodically broadcasts the SC indicator. 

3. Operation of UE 
FIG. 3 is a ?owchart illustrating a procedure for perform 

ing selective combining by a UE according to an embodiment 
of the present invention. It is assumed in FIG. 3 that a radio 
link has been set up betWeen a UE and a serving cell and a 
particular MBMS service is being provided through the radio 
link. 

Referring to FIG. 3, in step 301, a UE receives signals from 
neighbor cells and detects a good signal from the received 
signals. A de?nition of the term “good signal” can be given in 
several Ways. For example, the de?nition can be given using 
levels of received signals. In this case, if a level of a received 
signal exceeds a threshold, it can be determined that the 
received signal is a good signal. The presence of the good 
signal implies that the UE is close to a neighbor cell from 
Which the good signal Was transmitted (hereinafter referred to 
as a “target cell”). Therefore, the UE can simultaneously 
receive signals from a serving cell and the target cell. The 
number of target cells can be one or more. 

Assuming that the number of target cells is plural, in step 
303, the UE receives MCCHs from the target cells, and selects 
an MCCH from a target cell from Which the best signal is 
received. The MCCH is used for transmitting indicators for an 
MBMS service provided from the target cell, radio bearer 
information of the MBMS service, and selective combining 
assistance information. After detecting information received 
over the selected MCCH, the UE proceeds to step 305. 

In step 305, the UE determines if the target cell is providing 
its desired MBMS service. If its desired MBMS service is 
being provided, the UE proceeds to step 307. HoWever, if its 
desired MBMS service is not being provided, the UE pro 
ceeds to step 309. 

In step 307, the UE determines if the target cell supports 
selective combining based on an SC indicator in the selected 
combining assistance data. If it is determined from the SC 
indicator that the target cell supports selective combining, the 
UE proceeds to step 311. OtherWise, if it is determined that 
the target cell does not support selective combining, the UE 
proceeds to step 309. 

In step 309, the UE selects an MCCH from a target cell 
from Which the next best signal is received, detects informa 
tion received over the selected MCCH, and then returns to 
step 305. 

In step 311, the UE sets up a radio link, i.e., a secondary 
link, to the target cell in order to receive its desired MBMS 
service. The secondary link is set up based on the radio bearer 
information received over the MCCH. The radio bearer infor 
mation includes physical channel information and MAC layer 
information. The physical layer information is information on 
a transport channel, and includes code information for a 
physical channel, the type of channel coding applied to the 
physical channel, a channel coding rate, and a transmission 
time interval (TTI). The MAC layer information includes 
multiplexing information for indicating if multiplexing is 
applied in a MAC layer, and service identi?er (ID) informa 
tion for indicating if a service ID is used in the MAC layer. 
The UE sets up a neW physical layer based on the physical 
layer information, and sets up a neW MAC layer based on the 




















